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degree of security against imitation and a substrate for producing such security documents. The invention therefore provides a substrate for 
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(17) therebetween, wherein at least one of the polymeric layers is biaxially oriented and at least another comprises an opaque voided film 
wherein the opacity of at least a portion of the voided polymeric layer is reduced. 
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IMPROVEMENTS IN SECURITY DOCUMENTS 
AND SUBSTRATES THEREFOR 

The invention relates to improved security 
5 documents such as banknotes, cheques and passports 
which are required to provide a high degree of 
security against imitation and a substrate for 
producing such security documents. 

Such documents are traditionally made from 

10 security paper, that is paper having good durability 
and a high resistance to crumpling and tearing. 
However, such documents are still prone to damage 
through water, cutting and eventual wear. Furthermore 
such security documents are vulnerable to forgery. 

15 To prevent counterfeiting it is widely known to 

use in traditional banknotes and security documents, 
security devices such as security threads or strips 
which are made from a transparent polyester film 
provided with a wholly or partially reflective 

20 metallised layer. The threads are wholly or partially 
embedded within the paper and provide a high degree of 
security against counterfeiting. However, the paper 
itself is still subject to a degree of wear and 
damage . 

25 This problem has been addressed in International 

i 

Patent Application WO83/00659 which describes a 
plastic banknote. This banknote is made up from one 
or more films of transparent biaxially oriented 
polymers which are coated with layers of relatively 

30 opaque printing ink and heat activated adhesive 

material. An optically variable security device such 
as a diffraction grating is adhered to the substrate 
in a window left in the opaque layer. The substrate 
is then printed with identifying indicia and covered 

35 on both sides by further layers of polymer material. 
Most counterfeiters do not have access to equipment 
for making such materials and plastic banknotes are 
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damage and wear resistant. It should be noted that 
whilst biaxially oriented polymer films such as those 
described in WO83/0065 9 have excellent resistance to 
tear initiation (i.e. edge tear resistance) they have 
5 poor resistance to tear propagation (i.e. internal 
tear resistance) when compared to paper. 

US 5618630 and WO97/01438 describe multi-layer 
film structures for use in the production of 
banknotes. In WO97/01438 the substrate utilises at 

10 least two films with unbalanced biaxial orientation 

laminated such that the major axis of orientation are 
eventually parallel. US 5618630 differs in that the 
major orientation axis are essentially perpendicular. 
The basic substrate of these prior art documents is 

15 substantially clear and requires an opacifying coating 
or ink to be applied for information can be printed 
thereon for use as a banknote. 

It is an object of the present invention to 
provide improved security documents and substrates 

20 therefor made from a polymeric material to address the 
problems of durability, especially low tear 
propagation resistance, and counterf eitability. 

According to the invention there is provided a 
substrate for security documents comprising at least a 

25 plurality of layers of polymeric film laminated 
together with at least one metallic layer 
therebetween, wherein at least one of the polymeric 
layers is biaxially oriented and at least another 
comprises an opaque voided film wherein the opacity of 

30 at least a portion of the voided polymeric layer is 
reduced. 

At least a portion of the voided polymeric layer 
is preferably transparentised. 

At least a portion of the substrate is preferably 
35 subjected to pressure and heat treatment to provide an 
area of varying thickness which is detectable by 
touch. 
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Preferably the at least one metallic layer is 
partially demetallised 

Preferably the at least one metallic layer has a 
translucent coloured coating on one or both sides. 
5 A plurality of metallic layers is preferably 

located between the polymeric layers. 

The metallic layers are preferably provided by 
different metals. 

At least one metallic layer may provide an 
10 electrically conductive path along the width or length 
of the substrate. 

A magnetic material may be located between the 
polymeric layers. 

The magnetic material may be located between at 
15 least two metallic layers. 

All external polymeric layers may comprise opaque 
voided films. 

Preferably one of the external polymeric layers 
is transparent. 
20 At least one internally printed layer is 

preferably provided between the polymeric layers. 

The ink may be coloured and translucent or 
opaque . 

The ink may be luminescent. 
25 The thicknesses of at least two of the polymeric 

layers are preferably different. 

The invention also provides a security document 
produced from the substrate, on the external surfaces 
of which are printed indicia. 
30 Indicia may be printed on the internal surfaces 

of one or more of the polymeric layers. 

Identifying indicia may be printed on the 
external surfaces of the substrate and the internal 
surfaces of one or more of the polymeric layers. 


The invention will now be illustrated by the 
following examples with reference to the accompanying 
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drawings, in which:- 

Figs. 1 and 3 to 6 are longitudinal cross- 
sectional side elevations of alternative embodiments 
5 of a substrate for a security document according to 
the present invention; and 

Fig. 2 is a plan view of a security document 
according to the present invention. 

10 

Example 1 

As shown in Fig. 1, the substrate 11 comprises a 
laminate of at least two polymeric layers 14, 15 
laminated together with at least one partial or whole 

15 layers of metal 17 sandwiched between the polymeric 
layers 14, 15. 

Layer 14 is preferably a biaxially oriented 
transparent polymeric film which has been metallised 
with a layer 17 of metal. The metal layer 17 may be 

20 vacuum deposited aluminium, although another metal 

such as gold may be used. The metallised film 14, 17 
may be an 

SHM (™) film from Hoechst Trespaphan which is available 
in various thicknesses. 

25 Layer 15 comprises a relatively opaque voided 

polymer film, sometimes referred to as opalescent or 
pearlised, instead of a transparent polymer film. 
Such pearlised films are rendered partially opaque by 
minute voids within the film. These may be caused by 

JO a variety of processes; in some the orientation 
process alone initiates the voids, in others an 
immiscible polymer is added or a finely divided 
pigment. These voids, however caused, scatter 
incident or transmitted light to cause a degree of 

15 opacity. The degree of opacity is intermediate 

between transparent films and heavily pigmented, fully 
opaque films, and the degree of opacity depends on how 
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the film is voided, the number and size of the voids 
formed and the pigment, if any. Examples of such 
voided films suitable for use in the present invention 
include Valeron ( w ) from Van Leer Flexible Packaging, 
5 SHP ( m ) from Hoechst Trespaphan and Oppalyte (™) from 
Mobil. Typical thicknesses range from 35 to 125 
microns according to the material used. 

A major advantage of the preferred Valeron film 
lies in its unique structure. The film is a cross- 
10 laminate made from two essentially monoaxially 

oriented thermoplastic polymeric films, which have 
been slit at an angle to the orientation axis as 
described in GB 1577128. When a multiplicity (usually 
two) of these monoaxial films are suitably laminated 
15 the resulting cross-ply laminate has superior tear 
propagation resistance to a typically biaxially 
oriented film. This is particularly suitable for 
security documents, which may be pinned or stapled, 
and are therefore prone to tear initiation. These 
cross -ply laminates are available as an essentially 
transparent film (e.g. Valeron HS (■) , a relatively 
opaque film without pigment and a pigmented opaque 
film (various Valeron grades) from Van Leer Flexible 
Packaging . 

25 An advantage of using these relatively opaque 

films lies in the ability to collapse the voids, for 
example by the application of pressure or heat and 
pressure, thereby reducing the light scattering 
property of the collapsed voids. This may be done 
selectively, for example by using a hot stamping die, 
or an intaglio or alto plate to provide the substrate 
with indicia, ranging from pseudo watermarks to wholly 
transparent windows, depending on the characteristics 
of the voided film. 
35 Thus, when such a voided film is used as the 

layer 15, the heat and pressure treatment can be used 
to reveal the metallic . layer 17 in selected regions 


20 


30 
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without the need for a transparent polymeric layer. 

The metal layer 17 within the substrate 11 
further increases the opacity of such voided films so 
that a substrate 11 having a combination of opaque and 
5 metallic regions on one side and just metallic regions 
on the opposite side can be formed. 

The substrate may also include additional 
security features, such as printed indicia, security 
devices and so on sandwiched between the polymeric 

10 layers. The outermost polymeric layers protect these 
features from damage or removal and may be used to 
conceal them. 

As an alternative to lamination using an 
adhesive, the polymeric films selected may be co- 

15 extruded multilayer thermoplastic films, of the type 
used in heat sealable packaging films, which may be 
laminated together when thermally activated. 

The layers 14, 15 are preferably laminated 
together with a layer of a suitable adhesive, such as 

20 a cross-linking or thermally activated adhesive 16, 
with the metallic layer 19 located between the 
transparent layers 14, 15 so that it is wholly 
encapsulated within the substrate 11. As the layer 14 
is transparent, the shiny metallic layer 19 can be 

25 seen from that side of the substrate 11. The opaque 
layer 15 provides a suitable background to be printed 
with superficial indicia 12, such as identifying 
indicia, to form a security document 10, such as 
illustrated in Fig. 2, the superficial indicia 12 can 

30 be seen clearly. Other indicia may be printed in a 
translucent medium on the layer 14 to provide a 
coloured metallic appearance, similar to coloured 
metallic foils (hot stamped or otherwise applied) and 
of enhanced reflective appearance to surface applied 

35 metallic inks. 
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Example 2 

In another embodiment of the invention both of 
the external layers of film 14, 15 are voided films 
with regions of collapsed voids providing windows 25. 
In reflected light the non-windowed areas are white 
and opaque. In any windowed regions 25 the shiny 
metal layer 17 can be seen in reflected light. 

Example 3 

In a modification of the substrate 11 described 
in example 1 or example 2, the metal layer 14 may be 
selectively metallised or demetallised, as shown in 
Fig. 3, to leave regions of opaque metal 18 and clear 
regions 19, which regions 18, 19 form embedded indicia 
13. The embedded indicia 13 may be of a positive 
nature, i.e. the indicia 13 formed by the metallic 
regions 18, or negative in which the indicia 13 are 
formed by the clear regions 19. The indicia 13 may be 
in the form of alphanumeric text, a pattern, or any 
other appropriate form, some examples of which are 
shown in Fig. 2. 

The substrate 11 incorporating embedded indicia 
13 may then be subsequently printed with superficial 
indicia 12 or, if the embedded indicia 13 constitute 
identifying indicia, the pre-imaged substrate 11 may 
be used as a security document in its own right. 

Fig. 2 illustrates a security document 10 
produced from a substrate as described above in which 
the layer 15 is provided by a voided film. When 
viewed from the side of the substrate 11 formed by a 
voided film layer, the document 10 is mainly opaque 
white, the shiny metal regions 18 forming indicia 13 
which are partially revealed in one or more windows 25 
which have been created in the layer 15 by hot 
stamping or one form of void collapsing process. The 
demetallised regions 19, where viewed through the 
windows 25, are transparent. When viewed from the 
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side formed by a transparent layer 14, the indicia can 
be seen as bright shiny metallic regions 18 against a 
white background, except where windows 25 are 
provided. The resulting effect can be further enhanced 
5 by coating the metal regions 18 with a coloured 

translucent ink as in example 6, which contrasts with 
the white of the voided film layer 15. 

When imaging substrates 11 made from such voided 
films by hot stamping, cold stamping or intaglio 
10 printing and embossing, the surface of the resulting 
substrate 11 varies to provide a useful tactile 
effect . 

The ability to image the substrates 11 in the 
manner described above by collapsing the voids means 
15 that it can be carried out after external indicia 12 
have been applied to the security document. 

The pattern forming the embedded indicia 13 may 
be a screen pattern which gives variable opacity, for 
example a continuous change in opacity by making the 
20 screen ruling or dot size progressively smaller or 
larger. 

The selective demetallisation may also be used to 
provide embedded indicia in the form of a moire 
pattern so that when the substrate 11 is placed 
25 between the viewer windows of a detector, an image is 
revealed by interference with a design in the detector 
window . 

The demetallisation of large areas of the 
metallised layer 14 may also be used to provide a 
3 0 pseudo watermark effect with very high resolution, 
similar to that achieved by intaglio printing. 

Such selective demetallisation provides a high 
quality image with good resolution. 

For the demetallisation process, any suitable 
3 5 methods may be used, such as direct etching or 

indirect etching using a resist. Where the indirect 
resist and etch method is used, coloured resist 
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materials may be employed which leaves a layer or 
translucent coloured matieral on the metallised 
regions 18 resulting in indicia 13 having a good 
coloured metal effect. 
5 Alternatively a selective metallisation process 

may be used or the metal regions 18 may be created by 
printing with a high reflectivity metallic ink. 

Another alternative to making the substrate 11 
illustrated in Fig. 3 would be to laminate one 

10 polymeric layer 14 with a pre-imaged metal foil layer. 
A further alternative would be to image the metallic 
layer by laser cutting or ablation of the metal either 
as an intermediate step in the construction of the 
substrate, or subsequent to its assembly. This would 

15 be particularly useful for metal other than aluminium, 
e.g. stainless steel. 

Example 4 

In another modification of the substrate 11 (not 
20 illustrated), both layers 14, 15 are wholly 

metallised. In this example, layers 14, 15 are 
metallised with different metals having different 
appearances or colours, e.g. aluminium and gold. Thus 
the substrate 11 will have different appearances when 
25 viewed from each side in reflected light through a 
window or windows in the voided film layer 15 or 
through the transparent layer 14, e.g. silver from one 
side and gold from the other. 

30 Example 5 

The substrate 11 of example 3 may be further 
modified as shown in Fig. 4 by providing one fully 
metallised layer 15, 20 and one selectively 
demetallised layer 14,18 wherein the metal layer 20 is 

35 a metal having a different visual appearance from the 
metal regions 18. Alternative methods may be used of 
achieving a different metallic appearance by the use 
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of translucent coloured layers or coatings, e.g. by- 
dyeing the adhesive layer. Thus if the full metal 
layer 20 is gold and the metal regions 18 are 
aluminium, the appearance of the substrate 11 when 
viewed in reflected light from the direction of arrow 
B will be gold. When viewed from the direction of 
arrow A the substrate 11 will appear to be silver in 
the metallised regions 18 and gold in the demetallised 
regions 19. Obviously the reference to viewing is 
through the transparent layer 14 or window (s) in the 
voided layer 15. 


Example 6 

In a further modification of example 4, as shown 
in Fig. 5, both layers 14, 15 may be selectively 
demetallised having metallised regions 18a, 18b and 
demetallised regions 19a, 19b respectively. Thus if 
regions 18a are gold and 18b are aluminium, when the 
substrate 11 is viewed in reflected light from the 
direction of arrow B, the embedded indicia 13 will 
appear silver where regions 18b are present, having 
some gold regions where regions 18b are absent but 
where regions 18a are present. There may be some 
transparent non-metallised regions, where no metal is 
present on either layer 14, 15, say at arrow C. When 
viewed from the direction of arrow A, the embedded 
indicia 13 will appear gold having some silver regions 
with some transparent non-metallised regions also 
present . 

Alternatively, a number of different partially 
metallised polymeric layers could be laminated 
together all bearing different metallic patterns of 
the same metal so as to create a 3 -dimensional 
watermark effect. 


In all of the aforementioned examples, where 
there is a continuous metal path either along the 
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length or width of the substrate, this provides an 
electrically conductive path which can be used for 
authentication using appropriate machine readers. 

Example 7 

Any of the aforementioned examples may be 
modified by overprinting with a translucent coloured 
ink to give a coloured metallic effect. The 
translucent coloured ink may be applied directly to 
one or more of the metal layer or layers 18, 18a, 18b, 
20 before the polymeric layers 14, 15 are laminated 
together . 


15 


Example 8 

, The security of documents produced from 
substrates according to the present invention may be 
further enhanced by the provision of additional 
embedded indicia 13 formed by printing 26 on the inner 
surface (s) of the layer 14 before laminating to be 
20 visible over or through the metal layer (s) . The 

printing 26 may be provided by black or other coloured 
translucent or opaque inks or inks containing 
luminescent materials which are invisible until 
activated by appropriate heat or light sources, such 
25 luminescence to include fluorescence, phosphorescence 
and excitation by UV, IR, visible light and other 
radiation as appropriate. In the example shown in 
Fig. 6, polymeric layer 14 is partially demetallised, 
having metal regions 18, whilst layer 15 is wholly 
30 metallised having a layer of metal 20. A fluorescent 
ink layer 26 is printed over the metal layer 20 before 
lamination. Thus when the substrate 11 is viewed from 
the direction of arrow B through window (s) in the 
voided film, layer 15, the shiny metallic colour of 
35 the metal layer 20 will be seen, when substrate 11 is 
viewed from the direction of arrow A, when viewed 
under an ultraviolet light source the substrate li 
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10 


20 


25 


30 


will fluoresce in the demetallised regions 19. 
Example 9 

Such internally printed embedded indicia 13 as 
described in example 8 could combine metameric inks, 
for simple or sophisticated detector authentication 
features. For example a tinted or coloured lacquer 
may be used to hide a Delacode or Delachrome image. 
Infra red readable and non-readable inks could be used 
for features visible by transmission. 


Example 10 

Such internally printed embedded indicia 13 may 
also include a magnetic pigmented ink or inks which 
15 provide a magnetically readable security feature for 
authentication at one or more levels of security 
according to the complexity of the designs and 
materials used. Where such magnetic features are used 
between two layers of opaque voided or metallised 
film, the magnetic feature provides a hidden machine - 
readable feature. 

Example 11 

Further additional security features may be 
embedded between the outermost polymeric layers 14, 15 
of the substrate, such as diffraction gratings, 
holograms, RF antennae, printed circuits and so on. 
It is particularly advantageous to be able to embed 
such features, as opposed to having them mounted on 
the surface of the substrate, as they are not then 
prone to chemical attack, such as hydrolysis, or to 
mechanical abrasion and are protected against removal 
or damage. 

35 Ifc should be understood that although many of the 

examples above have been described with reference to 
two polymeric layers 14, 15 only, the substrate 11 may 
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comprise a laminate of more than two such layers each 
having the same or different features described in the 
examples . 

The substrate described in the aforegoing 
examples can be used to make a whole range of security 
documents including banknotes, cheques and passports . 
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CLAIMS ; 

1. A substrate (11) for security documents 
comprising at least a plurality of layers (14, 15) of 

5 polymeric film laminated together with at least one 

metallic layer (17) therebetween, wherein at least one 
of the polymeric layers (14) is biaxially oriented and 
at least another (15) comprises an opaque voided film 
wherein the opacity of at least a portion of the 
10 voided polymeric layer is reduced. 

2. A substrate (11) as claimed in claim 1 in which 
at least a portion of the voided polymeric layer (15) 
is transparentised. 


15 


20 


25 


30 


35 


3. A substrate (11) as claimed in any one of the 
preceding claims in which at least a portion of the 
substrate (11) has been subjected to pressure and heat 
treatment to provide an area of varying thickness 
which is detectable by touch. 

4. A substrate (11) as claimed in any one of the 
preceding claims in which the at least one metallic 
layer (17) is partially demetallised. 

5. A substrate (11) as claimed in any one of the 
preceding claims in which the at least one metallic 
layer (17) has a translucent coloured coating on one 
or both sides. 

6. A substrate (11) as claimed in any one of the 
preceding claims further comprising a plurality of 
metallic layers (17, 18, 20) located between the 
polymeric layers. 

7. A substrate (11) as claimed in claim 6 in which 
the metallic layers (17, 18, 20) are provided by 
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10 


different metals. 

8. A substrate (li) as claimed in any one of the 
preceding claims in which at least one metallic layer 
(17) provides an electrically conductive path along 
the width or length of the substrate. 

9. A substrate (11) as claimed in any one of the 
preceding claims further comprising a magnetic 
material between the polymeric layers (14, 15) . 


10. A substrate (11) as claimed in claim 9 as 
dependent on any one of claims 6 to 8 in which the 
magnetic material is located between at least two 

15 metallic layers. 

11. A substrate (11) as claimed in any one of the 
preceding claims in which all external polymeric 
layers (15) comprise opaque voided films. 

20 

12. A substrate (11) as claimed in any one of claims 
l to 10 in which one of the external polymeric layers 
(14) is transparent. 

25 13. A substrate (11) as claimed in any one of the 
preceding claims further comprising at least one 
internally printed layer between the polymeric layers 
(14, 15) . 

30 14. A substrate (11) as claimed in claim 13 in which 
the ink used for the printed layer is coloured and 
translucent or opaque . 

15. A substrate (11) as claimed in claim 13 in which 
35 the ink used for the printed layer is luminescent. 

16. A substrate (li) as claimed in any one of the 
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10 


preceding claims in which the thickness of at least 
two of the polymeric layers (14, 15) are different. 

17. A security document comprising a substrate (11) 
as claimed in any one of the preceding claims on the 
external surfaces of which are printed indicia. 

18. A security document comprising a substrate (11) 
as claimed in any one of claims 1 to 16 in which 
indicia are printed on the internal surfaces of one or 
more of the polymeric layers (14, 15) . 


19. A security document as claimed in claim 17 or 18 
in which identifying indicia are printed on the 
15 external surfaces of the substrate (11) and the 

internal surfaces of one or more of the polymeric 
layers (14, 15) . 
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